ABSTRACT Through hybridization of specific Chinese hamster cell auxotrophs with human cells and selection in media lacking the nutritional supplements required by the former cells, a series of stable hybrid clones can be prepared. These hybrids have genomes consisting of a common partthe complete or almost complete set of Chinese hamster chromosomes, plus a variable part-one or a few human chromosomes. The identity of the human chromosomes can be varied by utilizing different Chinese hamster auxotrophs and the appropriate selective media. The human chromosomes present can be determined by a combination of cytogenetic analysis with chromosome banding and testing for specific human marker genes. Hybrids containing single human chromosomes 11 and 12 and the combination of both 11 and 12 are described. The system appears to lend itself to various studies such as identification of human cell surface antigens, determination of their chromosomal loci, measurement of their distribution among cells of normal human tissues, study of interrelations among syntenic and asyntenic genes, and mutational analysis of the human genome. In previous studies, a series of human-Chinese hamster cell hybrids was produced by fusion of specific Chinese hamster mutant auxotrophs with human cells and growth in selective media lacking the nutrients required by the Chinese hamster auxotroph (1-5). The clones developing under these selective conditions must retain the human chromosomes complementing the deficiency of the Chinese hamster cell mutant employed. By using a variety of such Chinese hamster mutants, hybrids can be prepared containing different complements of human chromosomes. These hybrids tend to lose human chromosomes rapidly, so that in appropriate selective media, as few as one or two human chromosomes have been retained in particular hybrid clones. While the initial presence of a selective medium is usually necessary to ensure retention of a particular human chromosome, hybrid clones are sometimes obtained with stable chromosomal constitution after a short period of growth in culture, so that thereafter the clones can be grown for long periods even in nonselective media without further loss of human chromosomes (2, 5).
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It was also shown that antisera to tissue culture cells can be produced in the rabbit and other animals which are active against cell surface antigens and produce lethal effects in the presence of complement (2, (5) (6) (7) . When this lethal action is measured by means of single cell survival curves, the amount of antiserum needed to produce killing is extremely low-0.1% or less of standard antisera usually sufficing to Abbreviations: CHO, Chinese hamster ovary; LDH, lactate dehydrogenase. * No. XX in a series "Genetics of Somatic Mammalian Cells." The preceding paper is ref: 10. kill 99% or more of the cell population used for immunization. Under these conditions, antisera to human and Chinese hamster cells, respectively, are highly specific and exhibit no cross-reactivity. Thus, by restricting the concentrations of antisera to less than 1% in the measurement of cell killing potency, it is possible to classify all of the reactions between cells and antisera so far studied as either + or 0, the former designating a reaction in which more than 99% of the plated cells are killed by 0.1% of the given antiserum while the latter means that no significant killing is observed by the presence of 0.1% of the antiserum in question (6) . The human-Chinese hamster ovary (CHO) cell hybrids produced were studied for their susceptibility to killing by specific antisera prepared against particular human cells. Since under standard conditions these antisera have no effect on CHO antigens, they react only to the human antigens present on the surface of the hybrid cell. Two classes of genetically determined antigenic markers were previously identified and named AL and BL (5) . These two markers were demonstrated to act as well-behaved genetic loci and to possess different patterns of distribution among somatic cells of different adult human tissues. By measurement of the association between AL and other human markers, the AL characteristic was shown to be syntenic with lactate dehydrogenase A (LDH-A) gene activity (2, 5) , which has been demonstrated to be on human chromosome 11 (8) . AL was also shown to be resolvable into at least two separate loci named al and a2, each of which produces a characteristic cell surface antigenic activity (6) .
If to these immunologic and biochemical operations, cytogenetic analysis with banding could be added so that all of the human chromosomes retained in such hybrids could be precisely identified, a highly versatile system for geneticbiochemical analysis would be achieved. The present paper describes the application of cytogenetic analysis to this system and indicates the range of studies for which these hybrid cells now appear useful.
MATERIALS AND METHODS
Cell Cultures. All cell stocks, including the hybrid clones, were routinely cultured in F12 medium supplemented with 8% fetal calf serum. The preparation of hybrid AL+ clones by fusion of CHO-K1 auxotrophs with various human cells has been described previously (2, 6) . One particular subelone named Jl, derived by three successive subelonings from a primary hybrid clone of a cross between the Chinese hamster auxotrophic mutant gly-A (9) and the normal human amniotic fluid fibroblast (2) was selected for intensive study. The original hybrid clone contained a chromosome number ranging between 23 and 32 and displayed the human gly+A and LDH-B markers in addition to the AL and LDH-A characteristics. The subclone isolated after growth in glycinecontaining medium possesses 20 chromosomes, has lost the first two and retained the last two markers, and has revealed no further changes in phenotype after 3 years of continuous cultivation. The cell surface antigen markers were stable after long term growth in the absence of the selective conditions used in their clonal isolation, a necessary condition for their being considered as true genetic markers.
Mutagenesis. Mutagenesis experiments were carried out, using the standard, previously described procedures (11) .
The J1 clone and subclones derived from it were treated with mutagens like ethylmethanesulfonate (100-300 Mg/ml) or ICR-191 (2 ,gg/ml), an acridine mustard kindly supplied by Dr. H. J. Creech. The survivors were subjected to selection and AL-subelones were isolated which survived treatment with antisera lethal to AL+ cells (6) .
Assays for the Activity of al and a2. The detailed methodologies employed were described previously (5, 6). Cells were assayed for al and a2 antigens using single cell plating in the presence of specific antiserum plus normal rabbit serum as a source of complement. Rabbit anti-human erythrocyte serum was used to test for al; rabbit anti-HeLa serum adsorbed with human erythrocytes was used to test for a2. Survival curves were determined for each clone using a range of concentrations for each antiserum. Specific adsorptions were used to confirm antigen assignments.
Isozyme Analysis. The presence of the following human isozymes was assayed using either Cellogel, acrylamide gel, or acrylamide slab electrophoresis: 6-phosphogluconate dehydrogenase (PGD) (EC 1. The methods used for most of these isozymes have been described previously (2, 3, 5) . The following 10 enzymes were assayed by methods described in the accompanying references: Gal-i-PT (12, 13) , Hex-A,B (14) , GR (15) , APRT (16) , GaK (17) , TPI (15) , Pep-B (15), IDH-1 (18) . In every case, there was no difficulty in distinguishing between the Chinese hamster and the human enzyme.
Chromosome Banding Analysis. The procedure used for revealing bands in the metaphase chromosomes was a modification of that described previously (19) . Cells Chromosome slides that had been stored for at least 2 days were immersed in the 1:1 dilution of the stock trypsin for 5-10 sec in ice buckets, then washed and stained with Giemsa. The chromosomes were photographed using Kodak High Contrast Film with blue and green filters.
EXPERIMENTAL RESULTS 1. Cytogenetic Demonstration That the JI Clone of the AL+ Hybrid Contains Chromosome 11 As Its Only Human Chromosome. The AL+ hybrid, clone J1, has been shown to possess all (or almost all) of the chromosomes of the CHO-K1 cell; the human LDH-A isozyme; and the specific AL human antigens al and a2 which produce cell lethality in the presence of complement and the appropriate specific antiserum (2,5-7).
In Fig. 1 are presented the banded karyotypes of a normal human cell and of the AL+ J1 clone. Analysis of clones from such cultures revealed the presence of a single unique chromosome which displays a banding pattern corresponding to that of human chromosome I1. Thus human chromosome 11 is the only necessary human chromosome for the expression of the AL+ immunologic activity. 17 Other Human Chromosomes. Assays of 23 human isozyme markers in the J1 clone yielded negative reactions for all of these except LDH-A ( J1-4b: The chromosome complement of the J1-4b clone which was mutagenized and lost the human AL and LDH-A markers. The 19 CHO chromosomes are present with no apparent change, but instead of human chromosome 11, a centromeric fragment is present which is presumed to be from the missing human chromosome 11. Two typical cells are shown.
Confirmatory Isozyme Analysis Showing Absence of
J1-4: The chromosomes of the J1-4 clone which has lost the al but not a2 marker of the AL complex, and has also retained human LDH-A. The human chromosome 11 appears unchanged.
Demonstration That Mutagenesis and Selection Can
Produce Clones Retaining Either Some or None of the Markers of Human Chromosome 11. By treatment of the AL+ hybrid cell with mutagenic agents, it should-be possible to increase the frequency of genetic changes within localized regions of human chromosome 11. The desired mutant forms can be obtained by growth in the presence of selective antisera and analyzed by immunologic, biochemical, and cytogenetic procedures. Table 2 exhibits typical responses of the various clones and subclones to a standard antibody titration. Table 3 presents the properties of typical clones isolated in such mutagenesis experiments.
Clones J1-1, J1-5, J1-6, J1-2, and J1-4a described in Table  2 appear to be examples of marker disappearance due to loss of the complete human chromosome 11. Clones J1-3 and J1-4, however, have lost only the al marker, but retain a2.
No change in the appearance of human chromosome 11 is evident cytologically (Fig. 3) . Therefore, the loss of the a, marker in these clones may represent point mutations rather than gross chromosomal deletions. Clone J1-4b has lost both of the human immunologic markers and the human LDH-A on the basis of its banding pattern (Fig. 4) In analysis of still other human-CHO hybrids, a stable clone was found possessing the two human chromosomes 11 and 12 and no other human chromosome. The identification has been accomplished both by cytogenetic analysis (Fig. 4) An advantageous feature of the hybrids described is their chromosomal stability. Thus, the AL+ hybrid with human chromosome 11, the hybrid containing only 12, and that containing both 11 and 12 have been cultivated continuously for long periods without change in any properties despite the fact that no selective medium yet exists for retention of chromosome 11. 
